Abstract Socioeconomic advantage predicts lower risk of cardiovascular disease (CVD), but the magnitude of socioeconomic inequalities changes over time and differs between countries. The malleability of socioeconomic inequalities suggests that closing the socioeconomic status (SES) gap in CVD may be a powerful avenue for reducing the global CVD burden. Current evidence indicates that effects of socioeconomic disadvantage accumulate across the life course, with each additional period of disadvantage increasing later CVD risk. Individual, community, and national socioeconomic conditions appear to independently predict development of conventional risk factors and CVD. To translate this evidence into effective public-health interventions, we need more conclusive evidence on the causal components of highly correlated socioeconomic measures and on the major mediators of inequalities.
Introduction
The large and pervasive social inequalities in cardiovascular disease (CVD) represent both a vexing problem and a major public health opportunity [1] . Despite countless publications on hypothesized pathways linking socioeconomic disadvantage and cardiovascular risk, we still do not know the best strategies to eliminate those inequalities. If we can solve this puzzle and identify successful interventions to close the gap, the public health achievement will be enormous. Galea et al. [2] estimated that reducing the all-cause mortality rate of United States adults with less than high-school education to be the same as the mortality rates of adults who had completed high school would have resulted in 244,526 fewer deaths in the year 2000. Closing the gap in all-cause mortality associated with poverty would save an additional 133,250 lives. Cardiovascular diseases account for a large fraction of these premature deaths. Does the current epidemiologic evidence support the premise that socioeconomic inequalities in CVD are preventable? This review emphasizes the following points:
& Socioeconomic and geographic inequalities prevail for incidence, prevalence, and mortality of a broad range of cardiovascular health outcomes, such that disadvantaged individuals have higher CVD rates [1] . & Inequalities in CVD risk begin to emerge in early life; physiologic changes may initiate even before birth, but conditions at later ages, including adolescence, are probably also especially influential for certain pathways. Addressing inequalities will thus require that we consider how risk in one stage of life shapes risk at later ages [3] . & Inequalities persist across time and are manifest in most countries. Both the absolute and relative magnitude of inequalities, however, have evolved over the past century and differ across countries. The changing pattern of inequalities and crossnational differences indicate that reductions in inequalities in CVD are achievable [4] [5] [6] .
& Our best current evidence indicates that inequalities are partially but not fully accounted for by differences in health behaviors such as smoking or physical activity. Thus, even if low socioeconomic status (SES) individuals adopted the behavioral profiles of high SES individuals, large inequalities would persist [7, 8] . Eliminating socioeconomic inequalities will likely require addressing both behavioral and non-behavioral pathways. & The health behaviors that partially mediate socioeconomic effects are not simply individual decisions, but rather are profoundly shaped by social and physical environments [9-11, 12•] . Identifying behavioral predictors of CVD is only a first step in eliminating inequalities, because healthy behaviors are driven by a complex web of determinants. To eliminate inequalities, we must understand why behavioral patterns systematically differ between socioeconomic groups and across geographic regions.
In this review, we briefly summarize some of the recent literature on socioeconomic inequalities in CVD (myocardial infarction [MI] , heart failure [HF], and stroke), along the dimensions of geography, timing in the life course, and in recent historical contexts. We discuss only incidentally several closely related topics, including racial and ethnic inequalities in CVD [13, 14•] ; psychosocial mediators of SES inequalities (e.g., psychological stress, emotions, mental health, social isolation or social integration) [15] [16] [17] ; and SES gradients in CVD risk factors (hypertension, inflammatory biomarkers) [18] . Focused discussion of these topics is beyond the scope of the current review, except to the extent that these inequalities mediate or are mediated by socioeconomic determinants. For example, there are marked socioeconomic inequalities between racial and ethnic groups in the United States, as well as stark residential segregation; socioeconomic and geographic inequalities thus relate closely to racial disparities [19] . African Americans in the US on average inherit less wealth, receive less education and lower quality education, are offered lower status jobs and paid lower wages, live in disadvantaged urban neighborhoods or in the less healthy southern region of the country, and experience more discrimination than whites. Although there is tremendous heterogeneity both within and between ethnic groups, these pervasive socioeconomic differences contribute to racial disparities.
We discuss leading hypotheses regarding the mechanisms generating socioeconomic and geographic inequalities in CVD. We also assess the most promising areas for future research, including both quasi-experimental and intervention studies. To date, the largest research bases are available for MI, HF, and stroke and closely related conditions, so we emphasize these outcomes. However, we note that intriguing evidence is also emerging for other outcomes, such as arrhythmic disorders [20] .
What is Socioeconomic Status (SES)?
SES is commonly measured as educational attainment, income, or occupational class. These factors likely have immediate and direct consequences for cardiovascular risk but are also understood to be correlates of a host of other indicators of advantage. As public health researchers, we adopt a pragmatic definition of socioeconomic status that draws on Link and Phelan's 'Fundamental Cause' theory [21, 22] . Fundamental Cause theory posits that SES is a flexible resource that individuals deploy as needed to pursue various goals; in particular, goals that improve their health. For example, higher levels of education provide individuals with higher earnings (on average), which can be used to purchase resources such as better healthcare and healthier food, and which can enable more leisure time for exercise. Higher levels of education and income also tend to improve social standing and status: highly educated and wealthier individuals are less likely to be subject to everyday hassles and humiliations which low-income people commonly encounter in inter-personal or institutional interactions. SES also influences health through social networks, because highly educated individuals tend to have highly educated spouses, friends, acquaintances, and children. These social networks set beneficial behavioral norms, provide resources, obtain and share information, and provide material and emotional support [16] . Finally, education in particular may enable individuals to take advantage of new evidence on health-promoting behaviors or treatments. As a result, Fundamental Cause theory implies that technological innovations in care may exacerbate inequalities, as high SES individuals are the first to benefit from such improvements [21, 23] .
Life-Course Models
As with other health risk factors, recent research suggests that SES may have different effects on individuals at different life stages, either because of physiologically sensitive developmental periods (e.g., gestation) or socially defined periods of vulnerability or rapid transition (e.g., the peri-bereavement period) [3, 24, [25] [26] [27] . Thus, measuring SES comprehensively would entail assessment throughout the life course. A growing body of research focuses on evidence for competing models of how the timing and duration of socioeconomic disadvantage influence long-term health outcomes. For example, researchers and clinical practitioners often implicitly assume that people will immediately benefit from the removal of a negative exposure. This 'immediate risk' model is plausible for certain exposures, like toxic pharmaceutical combinations. For socioeconomic factors, however, the etiologic period is likely to be much longer. We know, for example, that individuals born in the southeastern US 'stroke belt' are at higher risk of stroke even decades after they migrate away from this region [28•, 29, 30] . Similarly, individuals who experienced disadvantage in early life due to low parental SES-regardless of their own adult SES-have elevated risk of cardiovascular disease, including diabetes mellitus, heart disease, stroke, and hypertension at older ages [3, 25, 31] . These findings indicate that events or exposures in early life may have an enduring influence on risk. One possible explanation is that early-life disadvantage is just one of many influences in a long and accumulating sequence of risk factors, with each period of exposure to disadvantage adding to risk [32] . Such a 'cumulative' model implies that the earlier interventions are targeted, the more benefit they could have, but even interventions in late life could still be beneficial.
A competing model suggests that risk does not accumulate, but rather that exposures have disproportionate influence during a brief developmental window. After those critical or sensitive developmental periods conclude, this model posits that episodes of disadvantage or advantage have limited additional impact. Evidence supports the existence of sensitive developmental windows, but the picture is muddied because various studies implicate the importance of different developmental windows. For example, a large body of research suggests that low birth weight predicts a host of adult cardiovascular endpoints [33] .
However, other research emphasizes behavioral risk factors, such as smoking. Smoking initiation typically occurs in adolescence and initiation after age 30 is unusual, whereas cessation rates increase at older ages [34] . Thus, smoking prevalence among international immigrants reflect the smoking rates of the country in which they lived during adolescence [35, 36] . Similarly, among immigrant adults, age at arrival also predicts overweight and obesity risk [37] . For these behavioral risk factors, adolescence may be the most sensitive period.
Given current evidence, it seems likely that although there may well be critical or sensitive periods for specific mechanisms, there are multiple mechanisms linking SES to CVD. These various mechanisms have different sensitive periods, and in combination, a cumulative risk model best describes the link between SES and CVD. In other words, early-life socioeconomic disadvantage has impacts over and above adolescent or adult SES, but these later time periods add to the adverse effects.
Some research posits that it is change in SES between early life and adulthood that puts individuals at risk, i.e., social mobility is a risk factor. Some flavors of this model appear to be equivalent to 'immediate risk': if downward mobility is unhealthy, and upward mobility is healthy, this effectively implies that it is adult SES that is most relevant for CVD risk. However, sometimes the mobility model is framed as arising from 'status inconsistency', which would imply that change in either direction is unhealthy (i.e., an interaction between childhood and adult SES). Although this possibility is theoretically plausible, studies of mobility per se have reported fairly inconsistent results to date and are not compelling based on current evidence [38] .
Distinguishing between 'immediate', 'critical period', and 'cumulative' risk models is essential because these alternatives should guide specific actions that could plausibly reduce socioeconomic inequalities in health. For example, using a particular model might shape our understanding about whether interventions must occur early in an individual's life or whether they could be beneficial much later, at ages when CVD is typically diagnosed. However, empirically testing the models against one another is technically challenging. Early efforts to test life-course theories used regression models that could not distinguish between immediate, critical period, and cumulative risk effects; this challenge was exacerbated by imperfect measurement of SES. An important advance came with formalization of regression models that test the models against one another [39• ]. An additional technical challenge arises because many risk factors that are confounders of adult SES (and therefore must be controlled when estimating adult SES effects) are likely to be mediators of childhood SES influences (and therefore must not be controlled when estimating childhood SES effects). In this situation, conventional mediation models will tend to understate the effect of childhood SES. Only recently have analytic tools appropriate for such complex sequences of exposure been adopted [31, 40] and they are not widespread in life-course epidemiology.
Scales of SES Measurement
In addition to differential impacts throughout the life course, SES may be defined as an individual characteristic (e.g., own education), as a family variable (household income), as a community indicator (neighborhood percent poverty), or as a state or regional variable (state, regional, or national differences in per capita income). In some cases, measurement at one level is used as a proxy for another level. For example, it is common to use neighborhood SES as a proxy for individual SES, because these two variables are strongly correlated. However, several lines of research indicate that multiple levels may be independently predictive of important CVD risk factors. For example, neighborhood characteristics predict health-risk behaviors such as diet and physical activity, as well as cardiovascular outcomes [41] [42] [43] , independent of the individual SES of neighborhood residents. Illustrative exceptions occur for residents of immigrant enclaves, because, for example, immigrants often adhere to advantageous diets of their countries of origin [44] . Thus, it has been found that individuals residing in high immigrant concentration neighborhoods in some cases have better healthy food availability, but fewer opportunities for recreational exercise. In contrast, many low-income communities lack high-quality grocery stores or other retail venues to purchase healthy foods [45] . This lack presumably changes the foods people are likely to purchase and consume, but is not necessarily a reflection of individual preference for less healthy foods. Interviews with people in 'food deserts' indicate they prefer a healthy diet as much as people in middle-class neighborhoods [46] .
Good measurement of SES at individual, family, and community levels remains a major challenge. At an individual level, early-life SES is often measured based on parental SES. Education is an appealing measure because it is typically established by early adulthood and remains stable throughout the remainder of life. Income and occupational class are clearly dynamic and change substantially from early adulthood to middle-age, and into retirement and late old age. Neighborhood SES is often measured as average neighborhood poverty or income rates, but the meaning of 'neighborhood' is heterogeneous. Analyses are typically based on administrative boundaries, which are imperfect proxies for the places in which people live their lives [47] . Furthermore, neighborhoods may not be the most relevant 'place' for all ages: for example, children spend many of their waking hours in schools, and adults spend many of their waking hours in workplaces. Neighborhood SES may be less relevant than SES in these other settings. Workplaces and schools, along with other routinely encountered settings such as churches, retail outlets, or clinical-care providers, may provide more promising venues for intervention because such organizations typically have an organized set of policies [48, 9] .
Recent Studies of Cardiovascular Disease (CVD) Related to SES, Place, and Time
In a comprehensive review of SES gradients and CVD risk over 20 years ago, Kaplan and Keil summarized the already overwhelming evidence that socioeconomic disadvantage predicts higher risk of CVD [1] . In the past two decades, extensive work has generally confirmed these findings for a host of CVD outcomes, including MI, stroke, and HF. Recent work, including major systematic reviews and meta-analyses, has elaborated on contexts in which SES inequalities are larger or smaller [4, [49] [50] [51] [52] . SES gradients in CVD are most consistent in high-income countries.
In a 2011 meta-analysis of SES gradients in the incidence of acute MI comparing high-and middle-or low-income countries, Manrique-Garcia and colleagues [4] analyzed 70 case-control and cohort studies published between 1966 and 2009. SES gradients in incident MI were more pronounced in high-income countries than in middle-and low-income countries. Incident acute MI was associated with education, occupation, and income, but the analysis identified a high degree of heterogeneity across study results, and some evidence of publication bias for studies focusing on income and occupation as measures of SES. Although the weaker associations in low-and middle-income countries may partially reflect the limited data availability, the findings are consistent with earlier results from the INTERHEART study [53] .
Social gradients in major risk factors such as smoking and obesity have changed rapidly in many countries and in general are sharper in high-income or highly urbanized countries [54, 55] . As economic development progresses, high-SES individuals may be in a better position to take advantage of resources to prevent CVD, whereas low SES individuals adopt the highly marketed, unhealthy behaviors of high-income countries, thereby exacerbating inequality. The pervasiveness of this phenomenon is controversial, in part because of the data limitations. Subramanian et al. [56] argued that CVD risk factors remained a much greater burden on socioeconomically advantaged individuals in India. This claim was contested by Stringhini and Bovet [57] , who argued that anticipating the potential explosion of CVD associated with the epidemiologic transition should motivate and guide immediate action in lowand middle-income countries. However, even if we embrace Stringhini and Bovet's perspective, it may not be entirely obvious what action to take. Mackenbach characterizes the persistence of socioeconomic inequalities in health in highincome countries with sophisticated social welfare policies as a paradox, in that substantial improvements in the material conditions of the most disadvantaged in these countries does not appear to have eliminated CVD inequalities [58] .
Globally, large between-country and within-country differences in stroke have also been documented, such that residents of low-income countries have a higher burden of stroke compared with residents of high-income countries, and low-SES individuals have a higher burden of stroke than high-SES individuals in the same country [59] . A recent review of the worldwide impact of SES on stroke incidence and mortality, including data from the 1970s to 2008, found that low-income countries had approximately 3.5-fold higher rates of strokerelated mortality and disability-adjusted life-years lost compared with middle-and high-income countries. The trend of declining stroke incidence observed in high-income countries stands in marked contrast to the experience of low-and middle-income countries, which have experienced substantial increases in stroke incidence in recent decades [52, 59] . Analogous results, showing large SES inequalities, were found in a systematic review of SES gradients in HF incidence and mortality [49] . Gradients in SES and material deprivation measured in mid-to-late adulthood were associated with an increased incidence of HF in cohorts in Denmark, the US, Europe and the UK [49] .
In seeking to understand the role of socioeconomic inequities in changes in disease rates and mortality, Harper et al. [60] describe heterogeneity in educational differences in CVD mortality across time, CVD subtype, and by country of study. In general, across many high-income countries, as CVD mortality declined, relative socioeconomic inequalities widened. However, such relative inequalities may be of less importance than absolute inequalities in health, which have often narrowed. In their review of the data on early-life socioeconomic factors and CVD, the authors suggest a stronger effect of childhood SES in studies that prospectively assess childhood exposures compared with those using retrospective assessments, with additional heterogeneity in the strength of associations seen by subtype of CVD, and measure of SES used [60] .
Several recent economic trends in the US present opportunities and challenges for studying relations between SES gradients and CVD outcomes. In particular, the great recession of 2007-2009 re-focused attention on the issue of income inequality. As an example, a recent study of Medicare beneficiaries hospitalized with diagnoses of acute MI or HF during the recession explored income inequality as a potential determinant of 30-day mortality and 30-day hospital readmission [61] . The authors found no association between state-level income inequality and mortality from acute MI, but a small reverse association between high income inequality and 30-day HF mortality. Risk of 30-day readmission was increased in areas of high income inequality for both MI and HF [61] . An important challenge in such studies is the possibility of residual confounding at the state level. Greater income inequality, for example, was found to be associated with a higher percentage of the state population living below the federal poverty level. Additional studies using longitudinal time-series and difference-in-difference analyses may enhance understanding of the causal influences of inequality and other macro-level factors on CVD risk.
In research on temporal trends in SES gradients in CVD, changes in underlying economic conditions introduce methodological challenges in the ability to estimate causal effects of SES. Chen and colleagues [62] conducted an elegant set of simulations demonstrating the difficulties in comparing time trends in relationships between SES and health when only a single indicator of SES is used to capture SES gradients, but the underlying population distribution of other aspects of SES are changing over time. The authors discuss methods for estimating the degree to which changes in the population distribution of single SES indicators affect the estimation of causal effects, for example, as the value of a high-school education changes. At a minimum, the authors suggest using multiple indicators of SES in time trend analyses, and comparing how SES gradients change for each indicator over time [62] .
Mechanisms Linking SES to CVD
Several features of the link between SES and CVD guide current thinking about mechanisms. First, SES inequalities cannot be fully explained by differences in medical access, because inequalities prevail even in countries or populations with essentially equal access to high-quality medical care [63] . Second, the association is not limited to extremely deprived individuals, but shows a gradient across socioeconomic levels. For example, in the landmark Whitehall study of British civil servants, each successive increase in rank was associated with lower CVD risk, even though no participants were in extreme poverty [64] . This finding suggests that although material deprivation per se may contribute to socioeconomic inequalities, it is not sufficient to explain the social gradient. This seminal finding has elicited a host of research on how psychosocial stressors might influence CVD.
Researchers commonly invoke behavioral differences to explain socioeconomic inequalities in health status in general and in CVD in particular. Emphasis on behavioral factors remains controversial, and several major studies indicate that although behavioral differences contribute to socioeconomic inequalities, they do not explain the majority of the differences [11, [65] [66] [67] . More recent studies, adopting new analytic methodologies, suggest prior work may have underestimated the importance of common behaviors and that behaviors play a major role in some but not all countries [8, 68•, 69] . The range in findings is difficult to interpret for a variety of reasons. One problem is that health behaviors are not randomly assigned in empirical studies, making causal inferences suspect. Another problem involves the ways behaviors are understood and defined; for example, obesity is often considered alongside so-called 'lifestyle' factors (such as physical activity or diet), despite the fact that obesity is neither precisely a behavior nor a lifestyle. Finally, it is likely that underlying health may determine behaviors such as physical activity, so mediation effect estimates are extremely vulnerable to bias from confounding of the mediator and outcome. As with the challenges in life-course epidemiology, the magnitude of statistical challenges in mediation analysis has recently received substantial attention [70] [71] [72] , but little empirical work has been completed to address the bias in socioeconomic inequalities research. Despite the methodologic challenges, there is little debate that health behaviors are important mediators of socioeconomic inequalities in CVD-the uncertainty is only a matter of degree. The major question that remains is why health behaviors are so strongly patterned by SES. The health behaviors of both high-and low-SES individuals reflect interpersonal and social expectations of their family and friends, and access to resources such as money, time, and support [9, 10] . More subtly, behaviors are pervasively structured by 'defaults' set up in the neighborhoods, workplaces, schools, and other settings of our lives [11, 12•] .
Socioeconomic status influences psychological experiences, and a substantial body of literature has documented the links between adverse social position, life stress, low rank in social hierarchies, racism, and disadvantaged living and working conditions and the functioning of the limbic system and stress responses. Exposure to psychosocial stressors may cause disease relatively directly; for example, though activation of the sympathetic nervous system (SNS) and hypothalamic-pituitary-adrenal axis (HPAA), leading to chronic sympathetic stimulation and hypertension [73, 74] . The effect may also be indirect, with stressors increasing rates of adverse health behaviors, or inducing anxiety or depression. In behavioral medicine, acute and chronic triggers are considered to be distinct in relation to stress. The physiologic response to perceived threat is an evolutionarily adaptive 'fight or flight' response, but can be triggered by either physical or psychological threats. SNS and HPAA activation is associated with platelet activation, endothelial dysfunction, hypertension, immune system suppression, inflammation, and changes in cardiac cellular electrophysiology. Repeated exposure to stressors associated with socioeconomic disadvantage has been hypothesized to eventually overwhelm the body's ability to recovery after threatening episodes, leading to accumulation of 'allostatic load' that increases CVD risk [75] . Sudden death, most often caused by ventricular fibrillation and highly associated with coronary disease and MI, is unsurprisingly associated with SES as well as depression [76] [77] [78] . The occurrence of sudden death may reflect both kinds of stress events; chronic insult resulting in the substrate for arrhythmia, and an acute stress trigger of a cardiac arrest [79] .
A large body of evidence implicates intra-uterine conditions in adult CVD risk. This research was motivated by the observation that low birth weight, defined as weight <2500 g at birth, is a strong and consistent predictor of CVD [80, 81] . The adverse consequences of intrauterine growth restriction gave rise to the 'fetal origin' theory: intrauterine factors modify fetal growth and alter susceptibility to other environmental risk factors encountered across the life course. Findings from surveys of famine in varying populations have further exposed the crucial concept of timing of varying exposures. Individuals who were in utero during the Dutch Famine winter at the end of the Second World War had greater risk of coronary heart disease compared with those who were in utero either right before or right after the famine [82] . In contrast, individuals exposed to famine during fetal development during the Siege of Leningrad did not develop obesity. The contrast between the long-term outcomes among individuals exposed to the Dutch Famine and the Siege of Leningrad is presumed to be due to the continuance of nutritional deprivation in Leningrad even after the end of the siege compared with the post-war situation in the Netherlands [83] . Overall, nutritional scarcity in the mother leads to a reduction in nephron number in the kidneys, reduced cell growth in the pancreas, decreased insulin sensitivity, up-regulation of the hypothalamicpituitary-adrenal axis, and vascular dysfunction, all of which likely play important roles in the association of low birth weight with hypertension, diabetes, and coronary artery disease [84] .
Next Steps: Research and Translation
The most important questions in research on socioeconomic determinants of CVD relate to how we translate from the evidence to reductions in CVD. To identify effective translational interventions, we need first to establish which socioeconomic factors are causal and which are non-causal correlates of CVD. Causal inference regarding the effects of social determinants of health is challenging, because social disadvantage tends to cluster, so it is difficult to isolate the effect of, for example, having low education from living in a lowincome community. If we want to try to design effective interventions, however, it is very important to try to distinguish which specific modifiable factors will elicit reductions in CVD risk. Some powerful and still under-used research tools for causal inference in social epidemiology include migration studies and quasi-experimental designs. As an example of the latter, one can assess differences in outcomes based on sudden public policy changes or lotteries [85, 86] .
Designing effective interventions also entails knowing when and how we can change the exposure of interest. Social conditions are difficult to change and may take months, years, or decades to modify substantially. Identifying the primary mechanisms linking social factors and CVD can help guide intervention design. As we learn why people born in some places have elevated CVD risk, we enhance the ability to design upstream population health interventions interrupting these pathways. Further, we may be able to use information on social conditions to identify individuals who are at high risk of adverse events, and prioritize these individuals for preventive interventions [87] . In fact, using social information to enhance predictive modeling may be a simple application with major benefits to the most vulnerable populations, even if it fails to address the underlying causes of inequality. Although socioeconomic inequalities in health prevail in situations with essentially equal access to high-quality medical care, the healthcare delivery system may be an important avenue for addressing social inequalities [88] . For example, community health workers have served as an important bridge to address social disparities and help patients obtain needed care [89, 88] . Disparities in quality of care surely do contribute to social inequalities and public health-clinical partnerships may be necessary to address disparities [88] .
Conclusions
The promise of epidemiology is to improve public health and prevent suffering and disease by using the patterns of disease occurrence to understand why disease is occurring. When social variations in a disease pattern are observed, these inequalities suggest that there is very likely a modifiable contribution to disease. Social inequalities represent a tragedy, but they also indicate areas of opportunity for reducing CVD. Translating the findings on social inequalities in CVD from academic research results into public health interventions will require an iterative engagement between observational and interventional research. Current evidence suggests that the most effective intervention strategies will target early in life and address both individual and contextual factors that shape conventional cardiovascular risk factors.
